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Fig. 1 Distribution and characteristics of goaf formed by spontaneous combustion control of coal seam
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a—distribution of small-scale coal mining points identified based on satellite imagery ; b-geomorphic features displayed by oblique photography ; c—accumulated

water in the mining area displayed by oblique photography
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Fig.2 Geomorphic evolution of of the study area
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I-waste dump area from historical satellite image recognition ; 2—coal mining area from historical satellite image recognition ; a—photography taken in March

2011; b—photography taken in March 2014; c—photography taken in September 2015; d—photography taken in November 2016; e—photography taken in

March 20185 f-photography taken in March 2021
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Fig. 3 'True 3D model of oblique photography and geophysical survey line planning in the study area
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1-measurement line of high—density resistivity method ; 2—measurement line of transient electromagnetic method ; a—geomorphology of the survey area and

the geophysical survey lines displayed by oblique photography ; b—plane sketch of geophysical survey lines

2.3 HEIRYIEIRE

by 3R Py B A A SR FH e % B P BH Rk R
T o e 2 T R LR ] L e A b SR U R A 1
— ZRFV AR, ST kb2 B AR A P R .
THACR R AL BT HERE T8, 7R 25 X ) A
AR T BN . AR WG R AT DATE IR Y X
A2 0 MY Z5 0 R kb i 28 3 P B SRk il T 4%
R
2.3.1 SFEBMmER

e 2 P BH R 3 0 SR FH B D 9 I M I A %

388

J R R A I WGMD-9 78 9 12 %% i HL B R R 5
HI A PR S 5 m, R0 26 5 40 B 48 4 v 1 L
G- 18 DUgRe . BOE A R Res2diny #01,
SV T3 58 SR FH T 249 3R SR/ 3 S 1 (Loke and
Barker. 2012) .

P4 S 1 e s T v B S e a0 4 194 s it 445
A SRR UL 12 B W M2 A 2 AR G50
I T, B2 A0 LE e 0 (R R A B A8 1 g BELARRALE
FC 3 L LR — B 300 Qem LA

V&1 5 Ay G 25 i 1 e 285 R BHL 23 1 DM 4 1) 52 T 4



5 2 4] %

SR ZENF T BRALIRIRLZ R 28 X B 25 B IR AL BRI

Jeo Hor, [ 5a k ERT-1 4R 5z 8 i B 7 i ] &
5b 2k ERT-3 4k i vt rLBH R T T T . 25 51 o,
FEIX b2 (1 FL RS A — i 0] S A, o e —
JZ— AT 1175 m i AR AL 2 M 2 A L BH R A
AR, — 8K 23~50 Q- m, 183 5 B FE L AR %
HLP 22— P A 5T 1 5 2 R AR A 2T 4 )2 A
A RLPE R, 5 T2 R R R R T 1175 m, X

PEZ A S b2 R FEL M S e, AR R M BHARRAE
F L B — B 120 Q-m L b 241 P2
AR AL, S BELRRIE 5 5 I, T3t R DA i )2 R M
JERTRE R AR CIE R 25 X, HE ik, v] LAHE BT P1
HE -3 B2 R A IR A )2 o i P2 HE 3 ]
REFATER 2 X, 37 B RAE T ERT-3 26 1) 0~225 m
Z I,

1150
1142

1134

SR LB (Q-m)
10 30 55 @85 115 150 200 300

0 20 40 70 100 130 170 250 400

200 m 010

20 30 40 50 60 70 80 90

4 SEEBEZRZFHMIKEER
Fig. 4 Field test results of high—density resistivity method
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a—test line location and surrounding topography ; b—sketch plane of the survey lines; c—correlation between the inversion of resistivity cross—section and

coa—bearing strata using experimental survey lines
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Fig. 5 Detection results of the high density resistivity method
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a—inverse resistivity profile and interpretation of ERT-1 line; b—inverse resistivity profile and interpretation of ERT-3 line;

1—coal seam; 2—inferred anomalies in goaf
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Fig. 6 Inverse resistivity profile using transient electromagnetic method
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anomalies in goaf
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delineated goaf area
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Comprehensive Exploration Technology on Shallow Buried Coal Seam Goaf in Northern Shaanxi Under
Complex Conditions

GUO Heng
(China Coal Technology & Engineering Group Xi'an Research Institute Co., Lid., Xi'an, Shannxi 710077 )

Abstract: During a special historical period, shallow coal seams in northern Shaanxi suffered from a large number of illegal open—pit mining and
overexploitation due to spontaneous combustion control, resulting in a wide area of goaf, strong concealment, and difficult exploration, which has
seriously affected the safe mining of shallow coal seams. To solve the above—mentioned problems, a comprehensive exploration technology combining
historical satellite images, oblique photography, and geophysics was applied to the goaf exploration in a Shenfu mine of northern Shaanxi under complex
conditions. The historical satellite image data reveals obvious mining traces in the southwest side of P2 waste dump and other areas. By comparing
oblique photography, the approximate distribution range of the mining site and hidden goaf can be further divided. On this basis, a reasonable
arrangement of geophysical survey lines was made, and the results showed that the electrical layer corresponding to the coal-bearing strata under the P2
waste dump was significantly lacking in high resistance characteristics in local areas. Among them, the resistivity of coal-bearing strata between the
high—density resistivity method ERT-3 measuring line (0~225 m) decreased from 120 0+ m to below 60 (- m, and the resistivity of coal-bearing strata
between the transient electromagnetic method TEM-2 measuring line (0~80 m) decreased from 160 ¥+ m to around 60 )+ m. Finally, the distribution
boundaries of concealed goaf were determined by combining historical satellite imagery, drone oblique photography, high—density resistivity method,
and transient electromagnetic method results. The advantages of the above multiple methods complement each other, which can achieve high—precision,
high—efficiency, and low—cost exploration of goaf under complex conditions.

Key words: goaf, high—density resistivity method, transient electromagnetic method, oblique photography, historical satellite imagery, shallow

buried coal seam, northern Shaanxi
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